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A.9. REANALYSIS OF HISTORICAL TEMPERATURE AND FLOW

(EC)

Objective

To determine if a relationship exists between
ambient water temperature and Potomac River flow.

Data Source

Ref. 1.

Study History

EIA analyses of water temperature and river
discharge taken at the USGS station at Hancock, Md.
from 1971-1977 (Appendix A.7) suggested a weak
correlation in summer and no correlation in other
seasons., Because the reported flow-temperature
relationship did not correlate as expected with other
literature sources, the data were reanalyzed to see
whether the results could be corroborated.

Sampling Method

Continuous automatic monitors were used at the
USGS station at Hancock, Maryland. :

Analx51s

® Correlation analyses between river temperature
and flow were done for the entire 1971-1977
period and monthly within this period.

® Simple linear regressions were done using river
temperature and flow both monthly and for the
entire period.

Results

® The general relationship between mean monthly
water temperature and stream flow is shown in
Figure A.9-1. :

® Correlations between concurrently measured
discharge and water temperature for the period
1971-1977 and monthly intervals are shown in
Table A.9~1 and Figures A.9-2 through A.9-14.
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Regression and correlation analyses show that
water temperature and stream flow are signifi-
cantly and inversely related for the entire
period (1971-1977}) but that this relationship is
inconsistent from month to month (Table A.9%-1,
Figures A.9-2 through A.9-14).

Water temperature and stream flow were positively
correlated in winter months (P < 0.0l) (i.e.,
December-February) and negatively correlated in
spring and summer months (P < 0.01l) (April-
September} (Table A.9-1).

The highest correlations between stream flow and
temperature were seen in July (~0.662) and February

- (0.562).

Significance and Critique of Findings

Water temperature and stream flow in the Potomac
River are inversely correlated (p < 0.0l) over

-all months for the period 1971-1977.

Water temperature and stream flow in the Potomac
River correlated (P < 0.0l) in all months taken
individually except March, October, and November.

Water temperzture and stream flow near R.P. Smith
display the accepted literature relationship of
positive correlations in winter and negative
correlations in the remainder of the year.
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Table A.9-1. Correlations of water temperature and stream flow
at the USGS Hancock station in the upper Potomac
River from 1971-1977.

Number
Month - of Correlation P-level
Data Pairs

All months 2,418 -0.321 P < 0.01
January 182 0.268 P < 0.01
February 181 0.562 P < 0.01
. March 248 . 0.126 P < 0.10
april 220 -0.332 P < 0.0l
May 217 -0,275 P < 0,01
June | 210 -0.382 P < 0.01
July 218 -0.662 P < 0.01
August 217 -0.484 P < 0.01
September 209 -0.422 P < 0.01
October 186 -0.092 P < 0,25
November 175 -0.121 P < 0.10
December 155 -0.373 P < 0.01
All mean months 12 -0.824 P < 0.01
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Figure A.9-2. Simple linear regression and scatter plot of stream flow
(cfs) and water temperature (F) at USGS Kancock stationm,
1971-1977. .
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Figure A.9-3. Simple linear regression and scatter plot of stream flow
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A-103




Martin Marietta Environmental Center

ll.l'....*.l.l'..‘l'..l.‘-..-’.'..

60069 +
$2500 +
450090 «
£ 37500 ¢+
L -
] -
¥ .
30000 ¢+
- 8
22500 +
- ]
15000 + 8
. gs es 9
- 8 B BEERSB
. g8 3 3
- -] 8 8 B 3
7500. + a 3 3888 B 9 38 83
. 888 B8 3@ BESBAE 9B 8D
. 88 8 B8 REB E9 B L1}
- 3e8
- a
0.000 ¥
esentassetecsntansafaeceatorncteane
M.5 34.5 7.5 [
33%.C 56.0 39.0
Nz 189
COR= ,562 TE

FEAN STDEV. REGRESSION LIME R
X 318,748 4 b132 X= 223E-6eYr 36.264
Y 11344, 11102, Y2 1416.3%x=43517.

[ DU O S I T AT AL TS AL

9 B8
8 -] 38 -]
8 8

.
-
.
a
.
.
-
+*
-
-
-
-
*
-
-
-
-
*
-
.
.
-
a ¥
.
-
-
.
*
-
.
-
-
S
-
.
-
-
+
-
-
.
-
.

‘----’-.o-*..s.‘---.’----‘----’..--‘c.-
0.5 £3.5 4645 49.5
42.0 5.0 48.0 31.0

MP
ES.NS5.

11,398
B4LT79ES

Figure A.9-4. Simple linear regression and scatter plot of stream flow
(cfs) and water temperature (F) in February (1971-1977).
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Figure A.9-5. Simple linear regression and scatter plot of stream flow
(cfs) and water temperature ( F) in March (1971-1977). .
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Figure A.9-6. Simple linear regression and scatter plot of stream flow
(cfs) and water temperature (F) in April (197101977).
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Figure A.9-7. Simple linear regression and scatter plot of stream flow
(cfs) and water temperature (F) in lMay (1971.1977).
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Figure A.9-9. Simple linear regression and scatter plot of stream flow
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Figure A.9-11. Simple linear ragression and scatter plot of stream flow
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Figure A.9-12. Simple linear regression and scatter plot of stream flow
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APPENDIX B.l. THEORETICAL IMPACT OF PLANT THERMAL
DISCHARGE ON THE PERIPHYTON COMMUNITY

(EIA)

Bnl'—ln Ob .!eCtive I

1

To determine the probability of adverse impact ;
due to thermal discharge from the R.P. Smith power :
plant on the periphyton community in the Potomac River. |

B.l-2. Data Source : '

Ref., 1,

B.1-3. Study History

were established based on output from the hydrothermal
model (Appendix A.4) and a literature search.

® A literature search was conducted to determine o
the thermal tolerances of diatoms and green and
blue-green algae. The critical temperatures which !
hypothetically change the dominant periphyton
from diatoms to green algae, and green to blue-
green algae are 86F and 95F, respectively. i
In the context of this study, blue-green algae i
were considered an undesirable component of the |
periphyton community. '

° Adverse thermal conditions were defined as those .
in which temgperatures capable of inducing shifts
in the dominant periphyton from diatoms to green
or blue-green algae had a > 25% probability of
occurrence in > 25% of the available habitat.

B.1l-5, Analysis

The probabilities of the occurrence of adverse i
thermal conditions were calculated using the hydro- '
thermal model (Appendix A.4) and are presented for -
May, June, July, August, and September at both dis- ;
charge and Transect 3 (1,000 feet downstream)
locations.

I Theoretical effects of discharge on periphyton
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B.l=-6, Results

During July and August there was at least a 90%
chance of 7-day mean temperatures > B6F at the
discharge site and at least a 20% chance of 7-day
mean temperatures > 95F (Table B.l-1).

There was only a small probability of adverse
thermal conditions across the 25% cross section
of Transect 3 (Table B.1l-1}.

B.1-7. Significance and Critique of Findings

Any appreciable impact of plant thermal discharge
on the periphyton community is most likely to
occur within the discharge area.

The validity of these results depends entirely on
the accuracy of the hydrothermal model (Appendix
A.4) and the relevance of the literature data on
thermal tolerances of the algal groups (Ref. 1l).
Since the accuracy of the hydrothermal model is in
questlon, the absolute value of some projected
thermal increases above ambient may be off by

a factor of 2.

The reasons for using specific parameters to
define adverse impact are not clearly justified.
For example, it is questionable whether a 7-day
exposure to the critical temperatures is necessary
to result in a shift in the dominant periphyton.
Also, basing potential effects on the periphyton
community on exposure to the adverse temperature
across 25% of the cross-sectional area, rather
than at a single point in that cross section, may
not be meaningful.

The use of mean temperature over a 6.8-year
period does not reflect annual variability.
The predicted temperature distributions for
July and August 1977 (Ref. 1, Appendix D) show
a 100% and 50% probability of > 86F mean 7-
day temperature at 25% of the cross section
1000 feet downstream in July and in August,
respectively. The probability of 7-day mean
water temperatures above 95F on the Maryland
shoreline 1000 feet downstream is 50% in both
July and August 1977. Since these values are
greater than those computed for the 6.8-year
period, the proposed analyses based on the long-
term means may not be indicative of the plant
effects on local periphyton populations. '
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It is unclear whether the short-term changes
suggested here have any long-term significance.
No information is given concerning recovery

times or ever. the ability to recover from thermal

.perturbations.
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Table B.1-1, Percent probability of 7-day mean temperatures exceeding

86F and 95F during May-Sept

ember at the discharge site and

across a 25% cross section of Transect 3 (from Table 6-37

in Ref, 1).

Discharge Transect 3
Month >86°F >95°F >86°F >95°F
May >10 0 0 0
June >40 >5 0 0
July >90 >30 >10 0
August >90 >20 >5 0
September >60 >5 0 0
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APPENDIX B.2. PERIPHYTON - NEARFIELD SURVEY

(E1A)

Objective

To determine the influence of the R.P. Smith
power plant on the distribution and composition of
the periphyton community in the Potomac River.

Data Source

Ref. 1.

Study History

Samples were taken in mid-August, 1977 and in
mid=-June, 1978. : '

Sampling Methods

Qualitative samples were taken by scraping the
surfaces of available substrates (rocks, logs, mud)

with a knife and preserving them in Lugol's solution.

Sampling stations included 1/0.9, 2, 3/0.1, 3/0.9,

4/0.1, 4/0.9, 5/0.1, and 5/0.9, where 0.9 represents
the Maryland shore, 0.1 represents the West Virginia -

shore, and the number before the / represents the
transect (Figure B.2-1). Samples were scanned at

450x until 500 organisms were counted. All individuals
except diatoms were identified and enumerated in this
manner. Diatoms were examined by drying a represen-

tative aliquot of the sample, mounting it with Hyrax
mounting medium, and identifying and counting 500
randomly encountered diatom frustules.

Analysis

® Relative abundances of the various periphyton
species observed at the various stations were
tabulated. o

e Percent similarity of the diatom assemblages at

the various stations was calculated using the
equation

I =100  min (aj, bj)
i

where aj and bj are the numerical proportions
of species i in samples A and B.

B-5
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° The matrix of percent similarity values was
used to perform a cluster analysis (type of
cluster analysis used was not documented).

B.2=6. Results

° Diatoms were relatively more abundant than any
of the other algal groups (Table B.2-1}.

o During the August 1977 survey, the green algae
reached their greatest relative population
abundance (28.6%) in the thermal plume (station
3/0.9) (Table B.2-1).

® Similar diatom assemblages were seen among the
periphyton at the Conococheague Creek Station
and at Stations 3/0.9 and 4/0.9 in June, 1978.
However, during August, 1977, the diatom assemblage
in the thermal plume (Station 3/0.9) showed little
similarity to that in Conococheague Creek (Table
B.2-2).

[ There was little difference in the diatom assem-
blages at stations located on opposite sides of
the river during August, 1977. In June, 1978,
however, the cluster analysis revealed that the
diatom assemblages along the West Virginia shore
were unlike those observed along the Maryland
shore and in Conococheague Creek (Figure B.2-2).

B.2=-7. Significance'and Critigque of Findings

3 This study provides insufficient evidence for
evaluating any influence due to plant thermal
discharge on the periphyton community because:

-—— No stations were sampled nearer than 1,000
feet to the discharge, and in the summer
months the maximum downstream extent of the
allowable mixing zone is < 1,000 feet.

-- Surveys were conducted only in summer months
(June and August); hence proposed effects
could not be extrapolated to other seasons
of interest, particularly spring. Spring
months generally are periods of maximal
growth for periphytic species and increased
local temperatures may affect this growth.
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It is necessary to assume that similar sub-
strate types were equally represented and
sampled at each station to allow for valid
station-to-station comparisons (substrate
type at stations was not documented). Other
studies near the R.P. Smith plant showed
differences in composition among periphyton
communities on bedrock, pebble, and sand
substrates.
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Table B.2-1. Relative abundance (as % of total organisms observed) of the
major periphyton groups.

Transect/Station Diatoms Greens Blue-Greens Other
August 1977
1/0.9 98.2 1.0 <1
2 96.2 2.6 1.2
3/0.1 91.0 3.0 6.0
3/0.9 66.0 28.6 5.2 <1
47/0.1 86.4 2,2 11.4 0
4/0.9 98,2 1.4 <1 0
5/0.1 98.2 1.4 <1 0
5/0.9 100.0 0 0 0
June 1978
1/0.9 . 98.8 1.2 0
2 ©96.0 2.0 2.0 0
3/0.1 98.6 1.2 <1 0
3/0.9 93.4 <1 6.4 0
4/0.1 76.2 5.0 18.8 0
4/0.9 90.6 9,0 <1 0
5/0.1 86,8 13.0 <1 0
5/0.9 90,2 7.6 2.2 0

From Tables 5-20, 5-21 in Ref. 1.
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Table B.2-2. Matrix of similarity values* for the diatom assemblages

observed at the various sampling stations.

the diagonal are for the August 1977 survey, below the
diagonal for the June 1978 survey.

Values above

Transect/Station 1/0.9 2 3/0.1 3/0.9 4/0.1 4/0.9 5/0.1 5/0.9

1/0.9 14.6 50.8 34.4 51.6  36.0 54.6 25.8

2 32.2 10.6  14.0 17.2  46.8 14.8 47.2

3/0.1 27.0  16.2 34.2 38.4 35,8 50.8 24.4

3/0.9 31.0 66.0 15.6 26.6  40.6 42.8 36.8

4/0.1 25.2 13.6 67.4 42.8 28.4

4/0.9 30.8 47.8 19.2  44.8 42.6  65.4

5/0.1 27.4 18.8 79.4  20.6 64.0  22.6 31.6
5/0.9 51.8 37.9 18.6  38.6 15.6  37.6

*Similarity value =

species 1 in samples A and B, respectively.

100 Zmin (a;, b;j); aj, by = numerical proportions of
Data from Table 6-60 in Ref. 1.
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TRANSECT | - ' '
. TRANSECT 2

Ll 13Ty
PSGLER STATION

TRANSECT 4

-] 2000

TRANSECTS [ - —
SCALE OF FEET

Figure B.2-1. Sampling stations utilized for the nearfield periphyton
study. Along each transect, terms 0.1 and 0.9 refer to
stations along the West Virginia and Maryland shores,

respectively (from Ref. 1). :
B-10
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APPENDIX B.3. PERIPHYTON - ARTIFICIAL SUBSTRATES
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(TI)

Objective

To determine the spatial distribution, composi-
tion, and abundance of periphyton within and outside
the thermal plume generated by the R.P. Smith power
station, and to evaluate the effects of the discharge
water on local periphyton populations.

Data Source

Ref. 2.

Study History

Data were collected from July through November,
1979.

Sampling Methods

e Five sampling transects (Fig. B.3-1) were estab-
lished in the study area; three within the plume
generated by the R.P. Smith power station [outfall
test (T3), intermediate plume test (T4) and far-
field plume test (T5)] and two outside the plume
[upstream (T2) and downstream (T6)]. Sampling
stations were established on opposite sides of the
river at each transect for comparative purposes.
The Maryland side of the Potomac River was con-
sidered the right shore or bank; the West Virginia
side, the left shore or bank.

® Paired, multiple-plate, Plexiglas® periphyton sam-
plers were placed at each station (parallel to the
current) over a 1l2-day periocd to evaluate succes-
sional status. Replicate pairs of plates were
removed at 28-, 56-, 84—, and ll2-day intervals.

[ additional samplers were placed at both stations
along Transect 3 and replicate plates were col-
lected weekly for a month to evaluate optimum
exposure time for periphyton succession and
document changes occurring during the first
28-day exposure period.

e During each sampling period the appropriate plates
were removed and the periphyton from each sample
were identiified and enumerated.

B-12
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As a result of problems encountered in the field
(e.g., loss of artificial substrates), comparisons

were limited to right- and left-bank periphyton com- !

munities at Transect 2 (control above plant) and
Transect 3 (plant discharge). Due to the shutdown
of the R.P. Smith power plant during the summer

of 1979, Transect 3 (right bank) was the only
station to receive heated discharge.

Weekly and monthly samples of periphyton from each
artificial substrate station were identified and
enumerated and total densities (no./cm2?) were
calculated for each major group and taxa. In

addition, total biomass (total ash~-free dry-weight,

mg/cm?2) and species diversity were computed.

Of the species found on artificial substrates,
five were selacted for additional evaluation
(Cocconeis placentula, Achnanthes minutissima,
Melosira varians, Navicula rhynchocephala, and
Diatoma vulgare). Selection was based on abun-
dance or thermal range or because the species rep~
resented a major taxonomic group. Mean species
densities were calculated, and comparisons (ANOVA
and Duncan's Multiple Range Tests) were made

among stations, transects, and months.

CCNAOV (cross-classified nested analysis of
variance) was performed to detect significant
differences ( a=0.05) in monthly samples among
transects, right and left banks, and transect-
shore interactions for density and total biomass.
The model used to analyze these variables is given
in Table B.3-1.

Kendall's coefificient of concordance was used to
determine if there was a significant difference
in the species composition between banks for
monthly samples.

B.3-6, Results

Periphyton total densities in the successional
study were similar at Transects 2 and 3 during
all months except August when densities at
Transect 3 were significantly higher ( o =0.05)
(Table B.3-2). There were no significant dif-
ferences in total density over the time period
(July-November) that could be attributed to
transect, bank, or plate effects (Table B.3-3).
The only significant bank-to-bank difference was

B-13
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observed in October when the total periphyton
density at the unheated left bank was much higher
than that at the heated right bank.

Species diversity during the successional study
was highest during August at Transect 2 (both
banks) and lowest during October at Transect 3
(heated right bank). At the control transect
(Transect 2), the diversity index at the left
bank was consistently lower than at the right.
No definite bank-tn-bank trend was noted at
thermally influenced Transect 3 (Table B.3-2).

gtatistical analysis of the successional data
revealed significantly different total biomass
levels (a=0.05) (Table B.3-4) between Transects 2
and 3 depending on time (Table B.3-4). With
Duncan's Multiple Range Test, significantly higher
total biomass levels between the transects were
seen in August and September, but no significant
differences were found during October and November
when thermal differences (effluent additions)
between transects were greatest (Table B.3~5).

Significant biomass differences in the successional
data between right and left banks of Transects 2
and 3 were found only in September: the biomass at
the unheated left bank at Transect 3 was signif-
icantly higher than at the right bank (Table B.3-6).

Evaluation of the biomass taken from the October-
November monthly colonization samples at Transects
2 and 3 revealed only slight bank-to-bank dif-
ferences at Transect 2 but considerable differences
at Transect 3. Total biomass for Transect 3 was
also higher than at Transect 2 (Table B.3-7).

For weekly incubations at Transect 3 (rugust),
maximum total periphyton density was found at the
right bank (thermally influenced) during the
second week and at the left bank during the
fourth week. Maximum diversity occurred during
the first week at both banks (Table B.3-8).

At the left bank of Transect 3, total periphyton
density in weekly incubations increased gradually
through the fourth week with greatest diversity
occurring during the first week. At the right
bank of Transect 3, highest diversity was also
reached during the first week, but highest density
was reached during the second week followed by a
gradual decline through the fourth week (Table
B.3-8).
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Monthly colonization (30-day incubations, analyzed

only for November) showed highest density and
diversity on the left bank at Transect 2, whereas

at Transect 3, density was highest in the unheated

left bank and diversity was highest on the heated
right bank (Table B.3-9). Aanalysis of overall
species composition between banks at Transect 3
with Kendall's coefficient of concordance showed
that community composition was different between
banks (Table B.3-10).

Statistical analysis of monthly successional data
on artificial substrates was not possible for
Navicula rhynchocephala, Diatoma vulgare, and
Melosira varians because of their infrequent
occurrence (Table B.3-2).

The mean densities (monthly succession on artifi-
cial substrates) of Cocconeis placentula for
Transects 3 and 5 (only transects with compar-
able substrates; only limited data at Transect 5
available) were not significantly different

(¢= 0.05) {(Tables B.3=-2 and B.3-11). There was
no significant difference between right and

left banks for the overall study.

The mean densities (monthly successional data on
artificial substrates) of Achnanthes minutissima
were not consistent between Transects 2 and 3

or between shorelines (Table B.3-2). During
September, mean densities were significantly
higher at Transect 3. The only shore-to-shore
difference was found during September at Transect
3 when the density at the left bank {unheated)
was significantly higher (Tables B.3-12 and
B.3-13}.

B.3-7. Significance and Critique of Findings

During the 1979 study, the R.P. Smith power plant
was operating only at minimal capacity and there-
fore producing only a minor or nonexistent thermal
plume (< +2C) from late July through September.,

Because the thermal effects were so slight and many

artificial substrates were lost during the study
period, a comprehensive evaluation of thermal
effects is not possible.

This study is of limited value for assessing the
effects of the discharge plume on local periphyton
populations for the following reasons:

B-15
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-- Total periphyton density and biomass are use-
ful for assessing thermal effects only in a
trophic analysis; these parameters do not
address compositional or species-specific
variations which may occur due to thermal
additions.

-- Physical differences between Transects 2 and
3 due to substrate type (Transect 2, sand;
Transect 3, pebble) and flow characteristics
(Transect 2, above dam; Transect 3, below dam)
were not incorporated into the analyses.

-- TLack of information for transects downstream
of the plant discharge precludes determina-
tion of the downstream extent of potential
effects.

® Since no effects on periphyton communities were
seen in the discharge area in fall months, it is
likely that regions downstream are also not
affected.
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Table B.3-1. Model used to analyze the data for total densities,
chlorophyll a, and total biomass (from Ref. 2).

each separataly

Bi.jkl represents the ragdom

position above and bayond the effsct aof

(1'?1)’._]‘ represeancs the joint effect of che ith
plate above and beyord the effect of each separataly

('l.'??lli.k Tepresencs the joint effect of the ‘!
] position and the k®% place above and

. PL), .
Yijkl » 7+ ri * Pj * ka * (r?)ij - (rrl)ik + (??1)Jk + (TP )LJk .E

erTor associated with che |
vaplicate samplar for cthe kB plate at transect i and
positiou j. This error term is caken ro be normally and
indngcndnnzly distributed vich 4 mesn of zero and a variancae

ijkl

vheres

i=1, ..., 5 denoting the transects

j= 1, 2 denocing left or right bank

k=1, ..,, 7 denoting the plate
Yijkl represents log_ (CPUE T 1) of the 1B plate ia the kP set

cn the jth bank of the ith rransect.
U is a parsaeter representing overall average loge {CPUE + I)
Ii represents the effec: of the i:h transect
Pj represents the effec: of the jth position iz the river
Plk ;:I:;sents the effe:r of the kth place (e.g., suzzer oF
(rr)ij tepresents the joint effect of the ih transect aod the jth

each separately

th

transect and the k

(!Pl).k Teprasencs the joint effuct of the jHI position asd the k°P
J plate above and beyord the effect of each separacely

transect and the j:h
bayond the effact of

th

l 1 =1, 2 denoting th: sampler

92 denates variance component associaced with factor,

of o
Degrees of Expected
Line Source Freedom Mean Square
Mean (U) 1
1 Transect (T} 1 — g% 15¢T
2 Posicion (P) 1 —-a? 4 160,
k] Plate (P1) 3 [ ~o? 3°Pl
1
3 TxP 1 Satentl= BNE 4 80."
2
5 TxPl 3 =" » M'L'Pl
2
& P x Pl 3 [t g” - “PPI
. 2
7 TxPXPl 3 [~ G" » ”IP?I.
8 Residual 16 — o2
Tocal 32
?  denotes fixed effects.
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Table B, 3-5,

Comparison of total periphyton biomass by transect (X)
and recovery time (PL: 1 = August, 2 = September,
3 = October, 4 = November) (from Ref. 2),

DINCENS MUTISLE RS TEST FOR VARIAME CHEM_VAL

MEANS WITH TS 58S LETTER B2 NOT SIONIFICANTLY DIFFERENT,

ALFHA LEVEL=.05 [Fslb M3=0, 0039
GRUPING AN X
P
A 0.2997%0 4 3 2
A
B A 0.205750 4 3 1
B
5 c 0.1557% 4 2 4
3 c
B ¢ 0.1162% & 2 2
¢ .
> 010300 4 2 4
¢
c 0.1035%0 & : 2 3
e
¢ 0.073000 4 2 1
¢
£ 0.051000 4 © 3 3
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Table B,3-6. Comparisons of total periphyton biomass by transect (X);
bank (Y: 1 = West Virginia, 3 = Maryland); and recovery
time (PL: 1 = August, 2 = September, 3 = October,

4 = November) (from Ref. 2).
- LNCAN’S MLLTIFLE RANGE TEST FOR VARIABLE (HEM.VAL
MEONS WITH TES SARS LETTER ARS NOT SIGNIFICANTLY DIFFERENT.
ALPHS LEVELS, 05 DF=ib M3=0, 0033
GROUPING W N X
- Y
PL
A | 0, 466000 2 3 i 2
B 0.2£6300 2 3 3 1
B -
B 0.201000 2 3 i !
B .
c B 0. 183300 pd 3 1 4
c B ) .
c B D 0. 136000 2 3 3 4
c B D
c B D 0. 134000 2 2 3 3
c B D
c B D 0, 131300 z 3 3 2
¢ E .D
g 8 D 0.123500 2 2 3 !
c B D
c B D 0. 120000 2 2 3 2
¢ -8 D
c B D 0.112300 2 2 i 2
¢ B D
C B D 0. 108300 2 2 3 4
C 38 D
c B D 0. 107300 2 2 1 4
1 B O
C B D 0, 072300 2 3 H 3
c B D
c B D 0.071000 2 2 | 3
c D
c 0 0. 049300 2 3 3 3
i
D 0.022500 2 2 1 1
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Table B,3-7, Dry-weight biomass (mg/cm?) of periphyton collected
from artificial substrates at the R,P, Smith site
during monthly colonization sampling, October-November
1979 (from Ref., Z),

SM R OSITE X ¥ 7 pIoMess
201 L 2t 3 bam
M2 1 2 f 3 00w
¥t 12033 0.6
0202 1 2 3 3 oum
¥ o1 2 3 4 o3 0
W22 3 13 o
X012 3 3 3 a0
o S R S I B X
.- S U S S B
) A O
o2 F 43 g
MW 2 T3 5 a0
WL 3 s 33 e
0203 & 33 e
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Table B.3-10,

Commmity comparisons of left and righ
3 for artificial substrates using Kendall'

concordance W- (from Ref. 2).

t banks at Transect

s coefficient of

UBS TAXA LEFT RIGHT . L_RANK R_RAHK
1 STIGEOCLOHIUM (LPIL) 0. 438.9 6.0 42.5
2 MELOSERA VARIANS 5624 0.0 49.9 11.0
3 MELOSIRA ITALICA 767 0.9 40.5 11.0
% CYCLOTELLA MENEGHINIANA 181 0.0 14.5 11.0
5 CYCLOTELLA (LPIL) 422 0.0 33.0 11.0
6 DIATOMA VULGARE 767 143.8 %0.5 32.0
7 FRAGILARIA VAUCHERIAE . 524 125.8 37.3 29.5
3 SYHEDRA ULHA 262 0.0 22.0 11.0 .
9 EUNOTIA (LPIL) 199 0.9 16.0 11.0

10 ACIHAHNTHES LANCEOLATA 79 125.8 12.5 2%.5
11 ACHNANTHES LINEARIS 4606 106.8 8.0 27.0
12 ACHHAHTHES MINUTISSIMA 6300 208.1 50.0 38.5
13 ACHHAHTIIES LEWISIANA 333 0.0 29.5 11.0
14 ACHHAHTIHES (LPIL) 1436 314.9 7.0 40.0
15 COCCUMEIS PLACEHTULA 114100 3486%.0 51.0 51.0
16 COCCONEIS PEDICULUS 262 165.8 22.0 36.0
17 AHOMOEOHEIS VIVTREA 262 0.0 22.0 11.0
.18 CALOHELIS (LPIL) 262 0.0 22.90 11.0
19 GYROSIGMA (LPIL) ' 0 125.8 5.0 29.5
290 HAVICULA CRYPTOCEPHALA 1389 2368.3 4.0 50.0
2l HAVICULA SALINARUM ) 1071 1261.8 43.0 45.0
22 HAVICULA RHYHCOCETrHALA 383 101.3 29.5 25.5
23 HAVICULA MIHIMA G662 0.0 35.5 11.0
24 HAVICULA BACILLUM 383 0.0 29.5 11.0
23 HAVICULA SEMINULUM 9 638.9 6.0 62.5
26 MAVICULA VIRIDULA 0 2232.9 6.0 49.0
27 HAVICULA TRIPUHCTATA 333 1393.8 29.5 6.0
23 HAVICULA SUBMINUSCULA 0 42.7 6.0 23.0
29 HAVICULA NITROPMILA 262 42.9 22.0 22.0
30 NAVICULA (LPIL) 0 665.3 6.0 9.0
31 GOMPHONEMA SUDCLAVATUM 0 101.3 6.9 25.3
32 GOMPHONHEMA OLIVACEOIDES 262 0.0 22.0 11.0
33 GOMPHONEMA (LPIL) ¢ 196.1 6.0 35.9
34 AMPIORA PERPUSILLA ¢ 1469.9 6.0 47.0
35 CYMBELLA MICROCEPHALA 262 0.0 2.0 11.0
36 CYMBELLA AFFINIS 1412 205.1 45.5 38.5
37 CYMBELLA MIHUTA 262 0.0 22.0 11.0
38 CYMRBELLA SIHUATA 462 168.3 35.5 33.0

39 CYMBELLA (LPIL) 524 0.9 37.5 11.0

40 NITZSCHIA ACTCULARIS 383 0.0 29.5 11.0

41 HITZSCHIA PALEA 643 0.9 34.0 11.0

42 HITZSCHIA DISSIPATA 1412 176%.5 45.5 48.0

43 HITZSCHIA FRUSFULUM 256 50.1% 17.0 24.0

44 HITZSCHIA TRYDLIONELLA 262 0.0 22.9 11.0

45 NITZSCHIA ANGUSTATA 181 2.0 14.5 11.0

66 NITZSCHIA DERTICULA 333 0.0 29.5 11.0

47 HITZSCHIA SPHAEROPHORA 0 202.6 6.0 36.5

98 HITZCHIA (LPIL) 0 125.8 6.0 29.5

49 CYMATOPLEURA SOLEA 79 0.0 12.5 11.0
50 SURIRELLA OVATA 645 202.6 39.0 36.53
L} BACILLARIOPHYTA-PENNATE (LPIL) 826 333.2 42.0 41.¢0
0Bs GROUP L F DF2 PROB
1 1 0.533468 1.14348 49 0.320358
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Figure B.3-1.

Locations of sampling areas/transects for b
in the vicinity of R.P. Smith power station

B-30

jological sampling
(from Ref. 2).




Martin Marietta Environmental Center

APPENDIX B.4. PERIPHYTON - COMPARISON OF ARTIFICIAL AND

B.4_ln

NATUFAL SUBSTRATES

(TI)

Objective

To determine whether qualitative differences exist
between periphyton community composition on colonized
artificial samplers and natural substrates within and

outside the thermal plume generated by the R.P. Smith
power station.

Data Source

Ref, 2,

Study History

Data were collected from July through November
1979,

Sampling Methods

] Five sampling transects (Fig. B.,4-1) were estab-
lished in the study area; three within the plume
generated by the R.P. Smith power station [ocutfall
test (T3), intermediate plume test (T4) and
farfield plume test (T5)] and two outside the
plume [upstream (T2) and downstream (T6)] .
Sampling stations were established on opposite
sides of the river at each transect for comparative
purposes. The Maryland side of the Potomac River
was considered the right shore or bank; the West
Virginia side, the left shore or bank.

o Paired, multiple-plate, Plexiglas® periphyton

samplers were placed at each station ({parallel

to the curreni:) over a 1l12-day period. Replicate
pairs of plates were removed at 28-, 56-, 84-,
and 1ll2-day intervals.

(] During each sampling period the appropriate plates

were removed and the periphyton were identified
and enumerated,

] Scrapings from one rock and one wood substrate

at each location (when available) were taken and
preserved for general taxa comparison with the
artificial substrate samplers.
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As a result of problems encountered in the field
(i.e., loss of artificial substrates), comparisons
were limited to right- and left-bank periphyton com-
munities at Transect 2 (control above plant) and
Transect 3 (at the plant discharge). Due to the
shutdown of the R.P. Smith power plant during

the summer of 1979, Transects 3 and 4 (right bank)
were the only stations to receive heated discharge
and then only during October and November.

The periphyton community for each artificial sub-
strate station was evaluated in terms of species
composition and dominance (Appendix B.3).

No density estimates were calculated and no sta-
tistical analyses performed on samples of natural
substrate periphyton. Existing natural substrate
periphyton were examined for general taxa comparison
with the artificial substrate samplers.

B.4-6. Results

During July, August, September, and November more
taxa (periphyton), specifically, more diatom taxa,
were found on the natural substrate than on the
artificial substrate.

October samples showed similar taxonomic compo-
nents between natural and artificial substrates
(believed to result from the scouring effect of
heavy rains on the natural substrate).

Taxa on natural substrates throughout the sampling
period (July-November) generally were similar on
both shores during any single sampling month. This
similarity also occurred at Transect 3 although
some differences were observed between shores.

The only month in which major group taxonomic
differences were noted between transects on
natural substrates was July, when more blue-green
algal taxa were collected at Transect 2, the
control area. During other months, specific taxa
differences existed between shores and transects
but there were no major differences.
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Significance and Critique of Findings

During the 1379 study, the R.P. Smith power plant
was operating only at minimal capacity and there-
fore producing only a minor or nonexistent thermal
plume (< +2C} from late July through September.

The results of this comparison suggest that
artificial substrate colonization may not accur-
ately mimic community composition of natural
substrate colonization. Furthermore, to ascertain
the similarity of periphytic colonization on
artificial and natural substrates more accurately,
quantitative studies would be required.

Due to the qualitative nature of these studies,
definite conclusions cannot be made concernhing
the representativeness of results obtained
using artificial substrate samplers.

Analyses should be completed to determine if
natural substrate differences in periphytic

community composition occur between rock and
wood substrates (Appendix B.6).
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APPENDIX B.5. PERIPHYTON - CHLOROPHYLL a AND

PHAEOPHY'TIN CONCENTRATIONS

(TI)
Objective
o To assess the effects of the thermal effluent from

the R.P. Smith power station on chlorophyll a con-
centrations In the surrounding Potomac River waters.

Data Source

Ref; 2.

Study History

Data were collected from July to November 1979
in conjunction with the artificial substrate coloni-
zation study (Appendix B.3).

Sampling Methods

[ Five sampling transects (Fig, B.5-1) were estab-
lished in the study area; three within the plume
generated by the R.P. Smith power station [outfall
test (T3), intermediate plume test (T4) and far-
field plume test (T5)] and two outside the plume
[upstream (T2) and downstream (T6)]. Sampling
stations were established on opposite sides of the
river at each transect for comparative purposes,
The Maryland side of the Potomac River was con-
sidered the right shore or bank; the West Virginia
side, as the left shore or bank.

° Paired, multiple-plate, Plexiglas® periphyton
samplers were placed at each station {parallel
to the current) over a 1l12-day period. Replicate
pairs of plates were removed at 28-, 56-, 84-,
and ll2-day intervals.

® Chlorophyll a samples were collected from each
station at 28-day intervals. To prepare samples
for analysis, a constant area of the artificial
substrate was scraped and filtered through a
0.45- filter stabilized with magnesium carbonate.
Chlorophyll was extracted from each filter using
90% acetone. The filter paper was then ground
for 30 second:s, centrifuged, and measured on a
narrow-band spectrophotometer at 665~ and 750-nm
wavelengths before and after sample acidification
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Both chlorophyll a and phaeophytin a (a degradation
product) concentrations were calculated (ug/cmz).

Analysis

Chlorophyll a and phaeophytin a concentrations
were determined for each artificial substrate
station.

CCNAOV (cross-classified nested analysis of vari-
ance) was performed to detect significant differ-
ences {a = 0.05) in monthly samples between tran-
sects, right and left banks, and transect-shore
interactions for chlorophyll a concentrations.

Results

Chlorophyll a and phaeophytin a concentrations
by transect, bank, and recovery time are given
in Table B.5-1.

Statistical analysis of monthly changes in chlor-
ophyll a concentrations revealed no significant
differences (Table B.5-2} between transects,

right and left shores, recovery time, or inter-
actions between transect, shore, and recovery time
(Table B.5-2).

Significance and Critique of Findings

The study did not accomplish its primary objec-

tive because:

-- The R.P. Smith power plant was operating

only at minimal capacity and therefore
producing only a minor or nonexistent thermal
plume in the discharge area (AT ranges from

0 - 8C) from late July through September.

The extent of the plume varied daily but the
thermal differential in the discharge area was
generally > +2C above ambient.

-— During periods of maximum temperature dif-

ferential (right to left bank; Transect 3;
October and November), no differences were
detected in chlorophyll a concentrations.

-~ Physical differences between Transects 2

and 3 due to substrate type (Transect 2, sand;
Transect 3, pebble) and flow characteristics
(Transect 2, above dam; Transect 3, below dam)
were not incorporated into the analyses.
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The high wvariability between replicate samples
suggests a low capability for detecting dif-
ferences between chlorophyll concentrations

at different stations.

The high incidence of negative chlorophyll a
concentrations is not explained.
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Table B.5-1. Concentrations of chlorophyll @ and phaeophytin from
periphyton collected from artificial substrates during
monthly succession sampling at the R.P. Smith site
(adapted from Ref, 2),

August 1979 September 1979
T Y 1 LAY PuEpew I Y 1. CHLA® pRazlp*
2 1 3 . 2.2 R LR 4T
2 1 3 IN:: 0.55 213 372 15,43
2 3 3 010 2. S L0: B N
2 1 3 2.33 12,93 2 7 3 .64 T
311 2am o EOR I S
3 1 3 5. m 1-4. E" 3 » 3 i -}, 0 :.':-. -::
T 3 3 A 0.4 3 3 AL L
7 31 3 27 - 1778 3 3 32 5.4 22
October 1979 November 1979

1Y 1 LA oweE X .Y 1 -CHLA* FRAROP
2 1 3 08 5% R
2 i K] -),10 7.3 z : E 3.k4 LT
2 3 2 2,72 18.19 P S K Ry
2 3 2 088 22,23 3 3 = 4L

3 1 3 =% 10 o | 2 ' 2 =3, 10 3.3
3 ! 3 2.5 1.7 2 : 3 -3 0 %2

3 K 3 1,32 =2.37 2 2 3 2,29 518
T 31 3 .59 1.3 3 30 =) M

#Table value of Chl:a or Phaeop _ 2 .
73 ug/cmé Chl a or Phaeophytin
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Martin Marietta Environmental Center
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